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METHODS
Human skin was obtained from the abdomen at
autopsy or from surgical amputations. Skin from
the backs of hairless mice was also used. Epider-
mis was removed by the stretch method (11) and
was immediately chilled in ice-cold, 0.3M sucrose
buffered with 0.O1M phosphate buffer, pH 7.3.
The tissue was homogenized in small batches for
10-second intervals at one-third to one-half speed
in a VirTis Model 23 with the micro attachment;
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the homogenate was filtered through one or two
layers of cheesecloth to remove gross tissue frag-
ments. The cloudy suspension was separated into
three fractions, designated "nuclear," "lysosomal,"
and "supernatant" fractions, by the procedure of
differential centrifugation indicated in Table I.
Acid phosphatase was determined fluorometri-
cally by adapting the procedure of Campbell and
Moss (12) to the Turner Model 111 fluorometer
with primary filter no. 7-60 (360 me) and sec-
ondary filter no. 47B (415 mae). Acid phosphatase
activity was used to determine latency and spe-
cific activity. p-Glucuronidase was assayed by a
modification of the method of Fishman and co-
workers (13), aryl sulfatase was determined by the
method of Roy (14), and cathepsin was deter-
mined by the method of Gianetto and de Duve
(15); these enzymes were measured only on ho-
mogenates because of the relative insensitivity of
the assay procedures for their detection.
Two technics were used to study the latent
properties of the isolated lysosomes. According to
the method of de Duve and co-workers (16), the
lysosome suspension was incubated with substrate
with or without exposure to disrupting conditions
(for example, Triton-X-100). Thus, the access of
substrate to enzymes still associated with granules
is measured. This assay necessitates short incuba-
tion times since the pH of assay is sufficient to
cause disruption of lysosomes. The acid phos-
phatase assay was the only procedure sensitive
enough for this technic. By following the alter-
nate method of Dingle (17), the particles were
removed by centrifugation after pre-incubation
with disrupting agents. The enzyme activity found
in the superliate measures the release of enzyme
from the granules caused by the test conditions.
Protein was determined in the fractions by the
method of Lowry and co-workers (18). Enzyme
activities of the three fractions were measured
after treatment with 0,1% Triton-X-100 for cal-
culation of the specific and total activities because
this agent increased the activity in the nuclear
and lysosomal fractions.
RESULTS
We were able to demonstrate the activity of
four of the enzymes associated with lysosomes
in homogenates of the epidermis from man and
from the hairless mouse. These enzymes are
shown in Table II along with other enzymes
that are probably associated with lysosomes and
that have been demonstrated by biochemical or
histochemical methods to be in epidermis. Acid
phosphatase was assayed to determine the die-
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Reviews (1, 2) of studies on lysosomes sug-
gest that these organelles may play an impor-
tant role in normal processes and in diverse
pathologic conditions. Since lysosomes of dif-
ferent tissues may vary to a considerable extent,
it is important to identify and characterize
these organelles in the particular tissue to be
rnvestigated.
The presently available evidence for the
presence of lysosomes in the epidermis is mor-
phologic or histochemical. In electron micro-
graphs, subcellular structures which resemble
lysosomes have been seen in keratinocytes (3),
in Langerhans cells (4, 5), and in intraepider-
ma! eccrine duct cells (6). Subeellular particles
containing acid phosphatase have also been
demonstrated in electron micrographs of kera-
tinocytes of normal (7) and abnormal epider-
mis (8).
Diengdoh (9) reported latency (time-related
appearance) of acid phosphatase in mouse epi-
dermis by using a histochemical technique and
the light microscope. However, Eisen and co-
workers (10) were unable to confirm this in
human epidermis.
Morphologic and histochemical methods can-
not fulfil all the criteria for lysosomes (1). We
have used biochemical methods for the dem-
onstration of lysosomes in the epidermis of
man and of the hairless mouse.
Filtrate
LYSOSOMES IN EPIDERMIS 427
TAI3LE I
Fractionation procedure
Homogenate
(0.3M sucrose in 0.O1M phosphate buffer)
Filter through cheese cloth
Residu discarded
Centrifuged (700 X g, 10 minutes)
Nuclear fraction
Supernat discarded
Lysosomal fraction
Resuspended in 0.25M sucrose
Centrifuged
(12,000 X g, 10 minutes)
Supernatan fraction
Centrifuged
(12,000 X g, 10 minutes)
Supernatan1 fraction
Lysosomal fraction
resuspended in 0.25M sucrose
tribution of activity and latency of the frac-
tions. Although lysosomal acid phosphatase is
usually measured with /3-glycerol phosphate as
substrate, we employed a-naphthyl phosphate
in a fluorometric assay method in order to ob-
tain the sensitivity necessary for these studies.
We found that the activity measured by this
method was lysosomal acid phosphatase because
it was sedimentable, showed latent activity, and
had the same distribution as /3-glucuronidase.
The distribution of acid phosphatase activity
among the nuclear, lysosomal, and supernatant
fractions is shown in Table III.
Although the lysosomal fraction contained
a relatively small part of the total activity, it
also contained a smaller percentage of the total
protein. That the fractionation procedure re-
sulted in a purification of lysosomes is indicated
by the increase in specific activity (enzyme ac-
tivity per amount of protein) of the lysosomal
fraction compared to the other fractions (Fig.
1). The relative specific activity of the iyso-
somal fraction could usually be increased, but
Enzymes found, this study Other enzymes reported in literature
TABLE III
Distribution of acid phosphatase activity in
)ractions of epidermal homogenate
Fraction
Per cent of total
activity (mean)
Hairless Humanmouse
Nuclear
Supernatant
Lysosomal
21.7
70.0
8.3
12.7
83.7
3.6
TABLE II
Some lysosomal hydrotases found in epidermis
Acid phosphatase
-Glucuronidase
Aryl sulfatase
Cathepsin
Nonspecific esterases (19)
Lipases (19)
Ribonuclease (20)
Deoxyribonuelease (20)
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this generally occurred at the expense of the
total activity of the fraction.
Latency of the lysosomal fraction was dem-
onstrated most effectively with Triton-X-100
and the centrifugation technic of Dingle (17)
(Fig. 2 right). With mouse preparations, Tn-
ton-X-100 caused a fivefold increase in activity
compared with a control; sodium cholate
caused a 2.7-fold increase (unpublished data).
Hypotonic conditions were less effective, while
freezing and thawing and acidic pH were with-
out effect. Acid pH and hypotonic conditions
caused only modest stimulation compared with
that induced by Triton-X-100 when latency was
determined by the procedure of de Duve and
co-workers (16) (Fig. 2 left). Results with hu-
man skin (Fig. 3) were nearly identical to those
obtained with mouse epidermis.
COMMENT
Four biochemical criteria for establishing the
presence of lysosomes have been fulfilled for the
epidermis from man and from the hairless
mouse: (1) epidermal preparations contained
at least eight acid hydrolases which are known
to be associated with lysosomes; (2) a portion
of one of the enzymes, acid phosphatase, was
Human
epidermis
g ,.-
$
___
Fm. 1. Relative specific activity of acid phos-
phatase in fractions of homogenates of epidermis
from man and from hairless mouse. N = nuclear;L lysosomal; S = supernatant.
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Fm. 2. Demonstration of latency of acid phosphatase in lysosomal fraction from epider-
mis of hairless mouse. Abbreviations: T = 0.1% Triton-X-100; C = control; F + T
freezing and thawing xlO; pH pH5; H = hypotonic conditions (distilled water); NaF
.O1M sodium fluoride. Left, Method of de Duve and co-workers (16). Right, Method of
Dingle (17).
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Fia. 3. Demonstration of latency of acid phosphatase in lysosomal fraction from human
epidermis. Abbreviations and methods are the same as in Figure 2.
sedimented by centrifugation under conditions
which, with liver, yield a fraction known to con-
tain lysosomes; (3) the acid phosphatase in the
sedimented fraction possessed the highest spe-
cific activity of all fractions containing the en-
zyrne; and (4) the fraction contained latent
acid phosphatase activity, demonstrable with
Triton-X-100.
Morphologic studies indicate that the lyso-
somal content of the epidermis is not dependent
on one cell type. The keratinocyte (3, 7, 8),
intraepidermal eccrine duct cell (6), and Lan-
gerhans cell (4, 5) all probably contribute to
the epidermal lysosome content. The extent to
which each contributes to the total would be
expected to vary with cell population and with
rate of metabolism of each cell type.
The distribution of activity (Table III) de-
pended to some extent on the technic employed
during homogenization, quite likely because
the force required to break the cells also
breaks many lysosonies. Human skin was diffi-
cult to homogenize, and the yield of lysosomal
fraction was low. The homogenization of mouse
epidermis was accomplished more easily, and
the higher yield of enzyme activity in the lyso-
somal fraction reflects this.
Histochemically, acid phosphatase is found
in significant amounts in the stratum granu-
losum and upper stratum corneum. The
acid phosphatase activity in this location is
not membrane limited. The high enzyme ac-
tivity in a wash of the scraped-off epidermis
before any homogenization suggests that this
may be a significant factor in the high enzyme
activity found in the supernatant fraction. The
amount of activity that would be sedimented
with the microsomal fraction was not deter-
mined, but it would be of interest in view of
the finding of significant amounts of enzyme
activity in this fraction in liver (21).
The breaking of the lipoprotein membrane
of the lysosome is usually associated with re-
lease or solubilization of the hydrolytic en-
zymes. The method of de Duve and co-work-
ers (16) does not necessarily measure the
solubilization of the enzyme(s) because the
lysosomes are not centrifuged after releasing
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agents have been used. In this method intact
lysosomes are used as a control and assays are
short (10 minutes). In this manner, increased
activity of the lysosomal enzymes in those sam-
ples previously treated with disrupting agents
is demonstrated compared to the untreated
lysosome samples. If the disrupting agents are
used on the lysosomes and the solution is then
centrifuged, the enzymic activity released into
the supernate is less than the enzyme activity
of a similarly treated duplicate that is not
centrifuged. This is usually explained by stat-
ing that the difference is due to absorption of
enzyme(s) on the walls of the disrupted lyso-
comes and that the fragments are then sedi-
mentable. Another explanation or extension to
the lysosome concept was suggested by
Koenig (22): that the internal matrix of the
lysosome is composed of macromolecules of
enzyme and nonenzyme protein conjugated to
acidic glycolipids by ionic, covalent, or other
bonds. Electron micrographs of lysosornes do
indicate that an internal structure exists (8,
23), and Koenig and Jibril (24) showed re-
lease of lysosomal enzymes with diverse cationic
molecules.
Acid pH, hypotonic solutions, and freezing
and thawing readily release liver lysosomal en-
zymes (1). This means that these agents must
disrupt the membrane and the internal matrix.
We found little or no solubiization of en-
yme with acid pH, hypotonic solutions, or
freezing and thawing, but an epidermal lyso-
some solution at pH 5 showed 50% of the ac-
tivity of an epidermal lysosome solution made
with 0.1% Triton-X-100. This finding suggests
that the membrane may be broken by the
above agents but that the internal matrix or
large pieces of it continue to bind the enzyme
and that it is therefore still sedimentable al-
though 50% of the enzyme has been activated
by the lowered pH. The increased activity and
solubilization found with Triton-X-100 would
be due to disruption of the membrane and the
internal matrix.
The process of keratinization is in many
ways similar to cell death or autolysis. As
epidermal cells progress from the basal layer
to the stratum corneum, there is a disappear-
ance of such organelles as the mitochondria
and the nucleus. It would appear then that
lysosomes may play a role in the degradative
processes associated with formation of the
stratum corneum. Lysosomes have the en-
zymes capable of this function, such as deoxyri-
bonuclease, ribonuclease, protease, esterase, and
lipase, and the acid pH in the upper layers
of the epidermis is optimal for these acid
hydrolases.
The lysosomes tentatively appear to be im-
plicated in tissue injury and inflammation, im-
mune response, connective tissue disease, mito-
sis, fever, metabolic diseases, photosensitivity,
and specific organ diseases (2, 25). The present
evidence is circumstantial for lysosomal in-
volvement in all of these processes, except in
the case of some storage diseases, in which
specific lack or diminution of a lysosomal
enzyme has been shown (26—28).
The role of lysosomes in skin diseases should
be investigated, especially in view of their re-
ported labiization or stabilization by such
agents as ultraviolet irradiation, phylloerythrin,
cantharidin, vitamin A, hydrocortisone, chioro-
quine, and antihistamines.
SUMMARY
Four biochemical tests have demonstrated
the presence of lysosomes in the epidermis of
man and of the hairless mouse: (1) presence
of acid hydrolases, (2) sedimentability, (3) in-
creased specific activity, (4) structure-linked
latency. Epidermal homogenates from man
and from the hairless mouse have been shown
to contain four lysosomal enzymes: acid phos-
phatase, cathepsin, /3-glucuronidase, and aryl
sulfatase. Acid phosphatase activity was used
to demonstrate sedimentability of the lysosomal
fraction and structure-linked latency. Acid pH,
hypotonic solution, and freezing and thawing
did not solubilize epidermal lysosomes. Triton-
X-100 produced time-dependent solubiization
(latency) of epidermal lysosomes by two meth-
ods.
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